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Comparison between Ti atoms, ~ i '  ions and 
Ar atoms at Metastable State Densities in 
Magnetron Sputtering Plasmas 
Abstract ? In the present study, spatial distributions of relative Ti atom and Tit ion 
densities in magnetron sputtering plasmas have been measured using two- 
dimensional laser-induced fluorescence (LIF) imaging spectroscopy. Then, the 
absolute densities of Ti atoms and Tit ions were evaluated using ultraviolet 
absorption (UVAS) spectroscopy. Spatial distributions of absolute density Ti atom 
and ~ i '  ion were determined by comparing the UVAS results with the results of 
spatial distribution by LIF spectroscopy. Ionization mechanisms of Ti were discussed 
from the experimental results. It was found that the ionization of Ti enhanced with 
the discharge gas pressure. In addition, the spatial distribution of Ar atom density a t  
metastable state was also measured using LIF and it was compared with the density 
distributions of Tit ions. The contribution of Penning ionization was discussed from 
the spatial distributions of Ar atom a t  metastable state. 
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were difficult because of the strong magnetic field. Since the plasma near the target has a 
high Ti density, a high plasma density, and a high electron temperature, the production of 
Tit by electron impact ionization (Ti + e?  Ti + e + e) is most frequent in the region near the 
target. However, as shown in Fig. 4, the main production area of Tit is the downstream 
plasma with a distance of 4 cm from the target surface. Hence electron impact ionization is 
not the main production process of ~ i '  and there is anothermechanism for explaining the 
efficient production of Tit in the downstream plasma with a low electron temperature. As a 
candidate, the contribution of Penning ionization was examined by measuring the density 
distribution of Aratoms at a metastable state (A?) a t  various discharge conditions. Detail 
results of the spatial distribution of ~r~ density will be shown at the conference. As a result, 
we found no correlation between the ~ i ' a n d  ~r~ densities in their density distributions and 
the dependence on the discharge conditions. 
We measured the distributions of Ti and TI' densities in magnetron sputtering 
plasmas by two-dimensional LIF imaging spectroscopy. We found that the densities of Ti and 
Ti' increased with the discharge power and the gas pressure. In high-pressure sputtering 
plasmas, the peak of the Ti density was localized in the adjacent region to the target surface, 
and the Ti density decreased drastically with the distance from the target. On the other 
hand, the peak of the ~i 'density was maximum a t  a distance of several centimeters from 
the target a t  the same discharge condition. Hence, the ratio of the Ti' density to  the Ti 
density was maximum in the downstream region. At the moment, we have no reasonable 
explanation for the production mechanism of Ti', and further investigations on this matter 
are necessary. 
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